1. Introduction
===============

Malaria is one of the most serious mosquito-borne diseases in the world, particularly in tropical and subtropical regions ([@b1-epj-09-3660]). It is a major threat to global health, resulting in approximately 300--500 million clinical cases and 1--3 million deaths each year, mainly among children ([@b2-epj-09-3660]). About 4--5 million Iranians were infected annually, with mortality rates of 30--40%, before Iran launched its malaria control program which led to many economic and social losses ([@b3-epj-09-3660], [@b4-epj-09-3660]). This disease has remained as one of the foremost public health concerns in Iran despite following the implementation of malaria control program. More than 90% of Iranian malaria cases occur in the southern and south-eastern regions having common borders with Pakistan and Afghanistan currently ([@b5-epj-09-3660]). Sistan and Baluchistan province, which shares a long border with Pakistan, accounted for 8,657 cases of malaria; in other words, 53% of all cases in the country in 2007 ([@b6-epj-09-3660], [@b7-epj-09-3660]). Taken together, this province is considered one of the three endemic areas for malaria in Iran. Sistan and Baluchistan requires repeated reviews of malaria epidemiology, because it is geographically located in a place where Plasmodium falciparum is endemic and the province is susceptible to malaria epidemics precipitated by several factors including regional climate diversity ([@b8-epj-09-3660]). An essential component for designing accurate strategies for malaria control, depends on having a precise knowledge of the local epidemiology of the disease ([@b9-epj-09-3660]). The analysis of available malaria data in Sistan and Baluchistan is necessary for gaining needed insights for planning malaria control measures and assessing the impact rate of previous interventions. The current study is an investigation of the recent trends in the number of reported cases of malaria in Sistan and Baluchistan from March 2011 to 2014. Moreover, this study aimed to analyze extant threats and opportunities for controlling the disease. In doing so, the authors have extended the scope beyond the localized epidemiology, and the findings can be applicable to other areas faced with the same problem ([@b10-epj-09-3660]).

2. Material and Methods
=======================

This descriptive study examined malaria trends in the province of Sistan and Baluchistan between 2011 and 2014, using the data collect for the Ministry of Health's malaria control protocol. In Iran's Malaria Case Notification System, managers and practitioners have reported all the malaria cases referred to Zahedan Medical Sciences University healthcare centers, and those referring to the center of fighting against communicable diseases of healthcare networks. In the malaria case recording and detection protocol, healthcare providers and disease control staff collected the information and took blood samples from malaria-suspected clients. Sample collection was performed in healthcare centers, urban and rural healthcare units, public and private hospitals, and passive tables. In the patio table, people who had fever or early malaria infections were referred to healthcare providers who performed blood tests to detect any parasite carrier. The blood samples were then sent to provincial health department laboratories. The results of sample checks analyses were classified as active or passive and sent online to the Center of Disease Control of the Ministry of Health and Medical Education. The results have been sent daily, within 12 hours after sampling. The variable factors of the study were: gender, age, area of residence, nationality, occupation, city, month of sampling, epidemiological classification of the case, life cycle stage of the malaria parasite, surveillance, parasite species, treatment method, malaria symptoms, early malaria infection within the last 12 months, early malaria infection before the last 12 months, history of blood transfusion, intensity of malaria, treatment results, treatment services, and disease outcomes. The intervention data of centers for disease control and prevention (CDC) programs of Iran's Ministry of Health and Medical Education has been used in this study. The data of the study are extracted from the malaria elimination national protocol gathered data, and all the ethics points have been applied during the recording and reporting process. Descriptive and comparative analyses were conducted using the SPSS version 13.

3. Results
==========

The malaria annual incidence rates of 2011--2014 were 89.9, 43.9, 38.3 and 36.6 (per 100,000 persons), respectively. The highest rate of privilege occurred in October (16.7%) and November (15.7%). In 2011, 2012 and 2014, most of the malaria cases had been reported in Sarbaz (848,394 and 313) and Chabahar (819,305 and 193). In 2013, Sarbaz was still the 1^st^ in number (390) but the 2^nd^ was Saravan (329). Zabol city (one of the big cities in Sistan and Baluchistan province) became the 3^rd^ in number of malaria cases in 2014 (67), while it wasn't faced with such numbers from 2011--2013 when it was the safest city in the province. Males have formed 77.6% of all cases. Most of the cases (73.4%) have been reported among the rural population. In terms of the occupations of patients, 31.7% were workers, 10.6% were students, and 14.7% were housewives. The majority of malaria cases had been reported among Iranians (64.8%), while 29.5% were Pakistanis ([Table 1](#t1-epj-09-3660){ref-type="table"}). The epidemiological classifications of cases included 4 classes of importation from abroad, local transfer (indigenous), coming from the inside, recurrence (relapse), and transfer from the inside. During the four years of the study, 47.3% of infections were imported from abroad and 39.6% were locally transferred. In the majority of cases, the parasite was in the trophozoite life cycle stage. In terms of surveillance, the majority of the cases (56.8%) were passive and 40.0% were active-routine. In active care, people at risk of malaria were screened in terms of presenting malaria symptoms or having the symptoms in the last month at the time of health officials' house to house visits. The peripheral blood smear of suspected cases of malaria were prepared or checked by Rapid Diagnostic test. From 2011 to 2014, vivax malaria had the highest prevalence rate. The results show that oral and parenteral artesunate were the most-used treatment methods. The highest-risk symptoms were impaired consciousness (0.4%), hypertension (0.4%), and walking difficulty (0.3%). By species, 83.0% of parasites were *P. vivax* and 13.6% were *P. falciparum* ([Table 2](#t2-epj-09-3660){ref-type="table"}). Urban health centers accounted for 38.4% of sampled cases, rural health centers accounted for 45.3%, and passive table in 9.7% of them. Peripheral blood smears were reported as suspected in 82.1% of feverish cases. The data showed that the incidence of vivax malaria was 1.6% in less than a year and 2.1% in more than a year. The results also showed that the history of blood transfusion was positive in 0.3% of cases. In total, 6.5% of patients were suffering from complicated and severe malaria. Treatment was successful in 83.0% of cases. Outpatient services were used in 73.6% of cases, while 5.9% of cases required hospitalization. Only two cases of death were reported, and 82.9% of cases showed recovery. The highest age-specific incidence rates (ASIR) per person among 100,000 women studied in 2012 happened in those aged older than 66 (35.7%); while the rates for 2011, 2013 and 2014 respectively show 81.1%, 35.0% and 20% for those aged 56--65. The highest ASIR per 100,000 men from 2012 to 2014 were 127.3%, 106.9% and 93.44% respectively, related to those aged 16--25; On the other hand, the highest ASIR is related to 2011 for 56--65 year old participants.

4. Discussion
=============

The results showed that the incidence rate of malaria has declined over the 4 years of the study. Sargolzaie et al. also found that the number of malaria cases had declined between April 2008 and March 2011 in Sistan and Baluchistan ([@b11-epj-09-3660]). In this study, annual incidence rates of over 4 years were 89.9, 43.9, 38.3 and 36.6 (per 100,000 persons), respectively. Salehi et al. (2010) found that in three consecutive years (2005--2008), the annual incidence rates were 469, 345, and 359 (per 100,000 persons), respectively ([@b10-epj-09-3660]). Although the results of this study showed that the incidence of malaria is declining in Sistan and Baluchistan province, it is still a public health problem in this area for numerous reasons including the number of carriers, carriers' resistance to insecticides, emergence and development of Plasmodium resistance to chloroquine, lack of convenient access to health services, tropical climate, long transmission seasons, and unsustainable human, geographical and ecological conditions ([@b10-epj-09-3660]). On the other hand, the previous epidemiological studies have shown that unlike African or other types of malaria, Iranian malaria is dependent to climatic conditions. It means that this unstable situation may be effective in generating the concern that the precipitation in high risk areas increases the possibility of an outbreak of the disease ([@b3-epj-09-3660]). Sistan and Baluchistan province is bordered by the Oman Sea and the Indian Ocean from the south and has a subtropical climate. Due to appropriate temperature and humidity, transmission cycle of malaria is optimal from April to October in some parts of the province ([@b3-epj-09-3660], [@b10-epj-09-3660]). The results of this study showed that a significant number of patients were Pakistani. In the study of Sargolzaie et al. (2012), 14.1% of cases were Pakistani and 8.6% were Afghan ([@b11-epj-09-3660]). Immigration may create some new foci of the disease in the region. Immigrants from Pakistan and Afghanistan may travel back to their countries of origin, which are known as the most dangerous countries for malaria transfer, and then, return to Sistan and Baluchistan province. According to World Health Organization estimates, 3 million people in Afghanistan and 1 million people in Pakistan are found infected with malaria annually ([@b12-epj-09-3660]). In this study, most cases were reported in men. Gender does not directly or naturally influence over the sensitivity or resistance to malaria, but may influence incidence through occupation and the types of clothing worn. Social activities and working outside home may make men more susceptible to mosquito bites and malaria. Therefore, considering the fact that the risk of getting the disease is equal in both genders, prevention and treatment strategies for both genders should be applied equally ([@b13-epj-09-3660]). The ASIR per 100,000 people has shown that the majority of cases in males occurs in 16--25 year olds. This finding was consistent with the results of other studies ([@b10-epj-09-3660], [@b11-epj-09-3660]). The results showed that most of the reported cases were workers. Low health literacy and poor economic situations among workers can increase the risk of disease complications and higher disease burdens among them ([@b10-epj-09-3660]). In the present study, the cities of Chabahar and Sarbaz reported the highest number of patients. In the research of Sargolzaie et al. (2012), the highest proportions of patients were reported in Chabahar (31%), Sarbaz (24.3%), and Nikshahr (10.2%), respectively ([@b11-epj-09-3660]). In the study by Salehi et al. (2010), as well, Sarbaz and Nikshahr showed the highest API ([@b10-epj-09-3660]). The results showed that most cases were reported in October (16.7%) and November (15.7%). However, in the study by Salehi et al. (2010), most cases of malaria were reported in July ([@b10-epj-09-3660]), while Sargolzaie et al. (2012) found that most cases were reported in September and October ([@b11-epj-09-3660]). From 2011 to 2014, vivax malaria had the highest prevalence. Plasmodium vivax malaria is the most prevalent species in Iran ([@b14-epj-09-3660]). These findings are consistent with other studies ([@b10-epj-09-3660], [@b11-epj-09-3660]). Most patients were detected through active surveillance and a small number of patients' blood samples which was referred to malaria laboratories, were diagnosed through passive surveillance methods. Similarly, in the other studies most of the cases were diagnosed through active surveillance ([@b3-epj-09-3660]). These trends indicate a high efficacy of health service providers, health workers and officials in executing malaria elimination programs, treatment, and efficient care systems ([@b7-epj-09-3660], [@b15-epj-09-3660]). A significant percentage of patients recovered and only two cases of death has been reported in the data of present study, which indicates the existence of effective surveillance, control, and treatment systems in the province.

5. Conclusions
==============

The findings are showing that the care, control and treatment system applied to Sistan and Baluchistan province has had a positive effect on decreasing the prevalence rate of Malaria disease. Meanwhile, it is recommended to policy makers, to provide more health controls for border entries, stop irregular immigration and apply more precise case searches in order to have a complete and on time treatment in a way that the chain of transmission of the disease would be cut. Health education and knowledge-ability promotion programs are better to be set in order to develop the self-protection and environment improvement among people. The findings can be useful in policy making, prevention and malaria care programs for local and provincial administrators. Future epidemiological studies can be done on exploring the consequences of malaria removal protocol.
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###### 

Distribution of the frequency of reported cases based on the study variables

  Variables     Years                                                      
  ------------- --------- ------ ------ ------ ------ ------ ------ ------ ------
  Sex           Male      1816   74.7   973    80.0   864    79.5   709    79.8
  Female        613       25.2   243    20.0   223    20.5   179    20.2   
  Residence     Urban     605    24.9   293    24.1   195    17.9   193    21.7
  Rural         1749      71.9   915    75.2   837    77.0   624    70.3   
  Traveler      68        2.8    7      .6     41     3.8    57     6.4    
  Nomadic       7         .3     1      .1     1      .1     6      .7     
  Nationality   Iranian   1559   64.1   797    65.5   703    64.7   585    65.9
  Pakistani     687       28.2   371    30.5   336    30.9   266    30.0   
  Afghani       183       7.5    44     3.6    48     4.4    36     4.1    

###### 

Malaria data in Sistan & Baluchistan, 2011--2014

  Variables                                 Years                                                                        
  ----------------------------------------- --------------------------- ------ ------ ------ ------ ------ ------ ------ ------
  Epidemiological classification of cases   Imported from abroad                      531    43.7   609    56.0   579    65.2
  Indigenous                                                                   495    40.7   358    32.9   230    25.9   
  Domestically transmitted                                                     174    14.3   96     8.8    70     7.9    
  Relapse                                                                      6      .5     1      .1     2      .2     
  Introduced                                                                   10     .8     16     1.5    3      .3     
  Lifecycle of the malaria parasite         Gametocytes + Trophozoite   392    16.1   129    10.6   180    16.6   196    22.1
  Trophozoite                               1712                        70.4   899    73.9   737    67.8   590    66.4   
  Schizont                                  65                          2.7    50     4.1    35     3.2    21     2.4    
  Gametocytes                               260                         10.7   138    11.3   122    11.2   76     8.6    
  Surveillance                              Passive                     1361   56.0   700    57.6   637    58.6   497    56.0
  Routine                                   975                         40.1   484    39.8   420    38.6   370    41.7   
  Active foci                               93                          3.8    32     2.6    29     2.7    21     2.4    
  Parasite species                          Plasmodium vivax            2002   82.3   1045   85.9   834    76.7   784    88.3
  Mixed (vivax and Falciparum)              76                          3.1    50     4.1    51     4.7    10     1.1    
  Plasmodium falciparum                     351                         14.4   121    10.0   197    18.1   94     10.6   
